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Abstract
Troponin I (TnI) is the inhibitory component of the striated muscle Ca2 regulatory protein troponin (Tn). The other two
components of Tn are troponin C (TnC), the Ca2-binding component, and troponin T (TnT), the tropomyosin-binding
component. We have used limited chymotryptic digestion to probe the local conformation of TnI in the free state, the binary
TnCcTnI complex, the ternary TnCcTnIcTnT (Tn) complex, and in the reconstituted TnctropomyosincF-actin filament. The
digestion of TnI alone or in the TnCcTnI complex produced initially two major fragments via a cleavage of the peptide bond
between Phe100 and Asp101 in the so-called inhibitory region. In the ternary Tn complex cleavage occurred at a new site
between Leu140 and Lys141. In the absence of Ca2 this was followed by digestion of the 1^140 fragment at Leu122 and
Met116. In the reconstituted thin filament the same fragments as in the case of the ternary complex were produced, but the
rate of digestion was slower in the absence than in the presence of Ca2. These results indicate firstly that in both free TnI
and TnI complexed with TnC there is an exposed and flexible site in the inhibitory region. Secondly, TnT affects the
conformation of TnI in the inhibitory region and also in the region that contains the 140^141 bond. Thirdly, the 140^141
region of TnI is likely to interact with actin in the reconstituted thin filament when Ca2 is absent. These findings are
discussed in terms of the role of TnI in the mechanism of thin filament regulation, and in light of our previous results [Y. Luo,
J.-L. Wu, J. Gergely, T. Tao, Biochemistry 36 (1997) 13449^13454] on the global conformation of TnI. ß 1999 Elsevier
Science B.V. All rights reserved.
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1. Introduction
The contraction of mammalian striated muscle is
regulated by the interaction of Ca2 with the regu-
latory protein troponin (Tn) which, together with
tropomyosin (Tm), modulates the interaction be-
tween myosin crossbridges and actin. Tn is composed
of the Ca2-binding, inhibitory and Tm-binding sub-
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Abbreviations: Tn and Tm, rabbit skeletal muscle troponin
and tropomyosin, respectively; TnC, TnI and TnT, the Ca2-
binding, inhibitory and Tm-binding subunits of Tn, respectively;
1,5-IAEDANS, N-iodoacetyl-NP-(5-sulfo-1-naphthyl)ethylenedi-
amine; DTT, dithiothreitol ; SDS-PAGE, sodium dodecyl sulfate
polyacrylamide gel electrophoresis
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units (TnC, TnI and TnT, respectively). The crystal
structure of TnC reveals two globular domains, each
containing two EF-hand motifs, linked by a single
central K-helix [1^3]. The C-terminal domain con-
tains the high a⁄nity Ca2-binding sites that bind
Mg2 as well, albeit at lower a⁄nity. The N-terminal
domain contains the two low a⁄nity Ca2-speci¢c
metal-binding sites that have been shown to be the
physiological activation sites [4,5]. There is now gen-
eral consensus that the major Ca2-induced confor-
mational change in TnC is, as suggested by Herzberg
et al. [6], the movement of the B and C helices away
from the central helix. The early evidence for the
movement [7] and its physiological signi¢cance [8,9]
has been followed by detailed structural studies using
high resolution NMR [10,11] and X-ray crystallogra-
phy [12^14]. Further events in the regulatory process
are not well de¢ned, but it has been proposed that
conformational changes are transmitted to TnI so as
to modulate its interaction with actin, which in turn
determines the position of Tm in the F-actin ¢lament
[15,16].
In contrast to the wealth of information on TnC,
much less is known about the structure of TnI. Early
studies on proteolytic fragments [17] and synthetic
peptides [18] have implicated the so-called inhibitory
region (residues 96^116) as important for the func-
tion of TnI. This view was based on the fact that this
segment is capable of binding to TnC and inhibiting
the ATPase activity of reconstituted actomyosin. A
TnC-binding site was also found in the N-terminal
segment of TnI (residues 1^40) [14,17], and more
recent work indicates that there are functionally im-
portant sites in TnI in the 116^148 segment [19^22].
Our own work has also shown that the region con-
taining Cys133 of TnI undergoes Ca2-dependent
switching between TnC and actin [23,24]. Using res-
onance energy transfer we have found that the spa-
tial relationship between residues 48 and 133 in the
N- and C-terminal segments of TnI, respectively, is
altered by the presence of TnT, and a further Ca2-
dependent change takes place but only in the recon-
stituted thin ¢lament [25].
Studies on recombinant fragments of TnI [26] and
on photocrosslinking of single Cys mutants of TnC
[27] led to the conclusion that the two proteins have
roughly antiparallel orientation in the complex in the
sense that the N-terminal fragment of TnI interacts
with the C-terminal domain of TnC, and vice versa
Low angle X-ray and neutron di¡raction studies
have led to a low-resolution model for the TnCcTnI
complex in which TnC has an extended structure
similar to that found in the crystal; TnI is depicted
as consisting of two relatively compact globular parts
of equal size forming two caps over the C- and
N-terminal domains of TnC, with its much thinner
central portion wrapping around the central helix of
TnC [28]. A more recent study by low angle neutron
scattering of the ternary Tn complex also shows an
extended TnC structure but TnI was modeled as
comprising two rotational ellipsoids di¡ering in their
radii of gyration [29,30]. The only high resolution
study of a TnC complex with other components is
that of a co-crystal of TnC with the 47 residue
N-terminal fragment of TnI [31] showing that the
TnC structure is more compact than that derived
from X-ray di¡raction of TnC. In the crystal, the
N-terminal TnI fragment is bound to the C-terminal
hydrophobic patch of TnC with its N-terminal resi-
dues coming into contact with the N-terminal do-
main of TnC. Clearly, di¡erences between results
with binary and ternary complexes and between con-
clusions that can be drawn from studies with intact
proteins and those with fragments call for further
work.
Limited enzymatic proteolysis has been useful in
investigating the substructure of proteins (e.g. myo-
sin, TnC, TnT) and in detecting changes in structure
upon interaction with other proteins. This led us to
initiate these studies on the chymotryptic digestion of
TnI in various states of complexation and as a func-
tion of Ca2. At the time when our preliminary re-
port was presented [32] a study by Takeda et al. [30]
appeared showing that TnI in the ternary Tn com-
plex could be digested by chymotrypsin at residue
116 in the absence of Ca2 and at residues 134 or
140 in its presence.
In this study, we analyzed chymotryptic digestion
of TnI not only in the ternary Tn complex, but also
in the free state, in the binary TnCcTnI complex and
in the reconstituted thin ¢lament. We ¢nd that the
primary cleavage site in free TnI and in the TnIcTnC
complex is between Phe100 and Asp101 in the inhib-
itory segment. The two initially formed TnI frag-
ments undergo further proteolysis. In the Tn com-
plex and in the reconstituted thin ¢lament the
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Leu140-Lys141 bond is the one most susceptible to
proteolysis in the presence and absence of Ca2. In
these complexes further cleavage of TnI at Leu122
and Met116 occurs in the absence of Ca2. Interac-
tion of Tn with actin in the reconstituted thin ¢la-
ment is re£ected in a decrease of the rate of TnI
cleavage at Leu140 in the absence of Ca2.
2. Materials and methods
2.1. Chemicals
Commonly used reagents as well as K-chymotryp-
sin and its inhibitor phenylmethylsulfonyl £uoride
were from Sigma. HEPES was from Research Or-
ganics (Cleveland, OH). 1,5-IAEDANS was from Al-
drich, and materials for SDS-PAGE were from Bio-
Rad.
2.2. Proteins
Tm, Tn, TnC and TnI were puri¢ed from rabbit
skeletal muscle ether powder according to Greaser et
al. [33,34]. Actin was prepared from rabbit skeletal
muscle acetone powder according to Spudich and
Watt [35]. The binary TnCcTnI complex was recon-
stituted from the subunits by ¢rst mixing the proteins
in a 1:1 molar ratio in a solution containing 5 mM
DTT, 2 mM EDTA, 0.1 M NaCl, 6 M urea, 20 mM
Tris, pH 7.5, followed by dialysis against a solution
containing 0.2 mM CaCl2, 2 mM MgCl2, 1 mM
DTT, 0.1 M NaCl, 20 mM Tris, pH 7.5. Synthetic
thin ¢laments were prepared by mixing Tn with
TmcF-actin at a molar ratio of 1:1:7 (Tn:Tm:actin)
in a solution containing 50 mM NaCl, 0.2 mM
CaCl2, 1 mM MgCl2, 0.2 mM ATP, 20 mM Tris,
pH 7.5. Tn was £uorescently labeled according to a
procedure known to label only Cys133 of TnI [36,37]
by adding 1,5-IAEDANS (20 mM stock in dimethyl-
formamide) to Tn (2:1 molar ratio) in a solution
containing 0.1 M NaCl, 2 mM CaCl2, 20 mM Tris,
pH 7.5. After allowing the reaction to proceed for
2^3 h at room temperature, it was quenched by the
addition of excess DTT, followed by dialysis to re-
move unreacted reagent.
2.3. Digestion procedure
Proteins were digested at room temperature (20^
22‡C), in a solution containing 2 mM MgCl2, 20 mM
Tris bu¡er, pH 7.5 and 0.1^0.4 M NaCl as indicated
in the legend of the relevant ¢gures. The ¢nal protein
concentration was V0.5 mg/ml; for the TncTmcF-
actin complex it was V2.5 mg/ml. The digestion
was initiated by adding K-chymotrypsin in a 1:500
ratio (w/w) to the protein. Samples were taken at
various times (see ¢gures) and proteolysis was
stopped by adding phenylmethylsulfonyl £uoride (¢-
nal concentration 1 mM, stock solution 50 mM).
2.4. Other methods
Electrophoresis was done according to [38] on 15%
polyacrylamide gels. Fragments were separated on a
VYDAC C8 (Phenomex) reverse phase column by
HPLC. N-terminal sequencing was carried out on
an Applied Biosystems 477A protein sequencer.
Mass analyses of the digestion products were per-
formed on a Perceptive Biosystems Voyager Elite
mass spectrometer using matrix assisted laser desorp-
tion ionization-time of £ight (MALDI-TOF) tech-
nique [39].
3. Results
3.1. Free TnI
Limited chymotryptic digestion of TnI alone pro-
duced two distinct fragments (Fig. 1). The fragments
were puri¢ed by HPLC and their molecular masses
determined by mass spectrometry were 11.61 kDa
and 9.53 kDa. The sum of the molecular masses of
these fragments (21.14 kDa) equals the expected val-
ue calculated from the amino acid sequence of TnI
(21 084.6 Da) plus an acetyl group at the N-terminus
(+42 Da) and a water molecule for hydrolysis of a
single peptide bond (+18 Da). Thus the two peptides
are produced by a single cut of the polypeptide chain
of TnI. Prolonged digestion led to the formation of
many smaller fragments which were not analyzed in
this work. The N-terminal sequence of the 9.53 kDa
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fragment, Asp-Leu-Arg-Gly-Lys-Phe-Lys-Arg-Pro-
Pro, con¢rmed that the bond cleaved is that between
Phe100 and Asp101 in the inhibitory region of TnI.
The 11.61 kDa fragment did not yield to N-terminal
sequencing, indicating that it is blocked at the N-
terminus, thus identifying it as the acetylated N-ter-
minal fragment, residues 1^100. In some prepara-
tions a minor component with its N-terminus at
Lys107 has also been identi¢ed. It is not clear if
the Phe106-Lys107 bond is hydrolyzed at a slower
rate in the native molecule, or whether it is a second-
ary site in the 101^181 TnI fragment that has become
accessible to chymotrypsin.
3.2. TnCcTnI complex
Digestion of the TnCcTnI complex in the presence
of Ca2 produced initially the same two fragments as
those derived from free TnI (Fig. 2), as veri¢ed by N-
terminal sequencing and mass spectrometry (data not
shown). This indicates that the region containing the
cleavage site remains highly exposed and £exible
when bound to TnC. Digestion in the absence of
Ca2 produced the same results. TnC, however,
was also digested at roughly the same rate producing
a fragment that co-migrated with the C-terminal 9.53
kDa fragment of TnI. It is possible that TnC diges-
tion could cause dissociation of the complex. If dis-
sociation did in fact take place, susceptibility to chy-
motrypsin in the absence of Ca2 would be
consistent with the digestibility of TnI alone. In
both cases the initial digestion products were further
digested to small fragments which appeared on the
gel as a broad smear and were not analyzed. It
should be noted that although the complex was di-
gested at a lower ionic strength than was TnI alone,
the initial cleavage site was the same.
Fig. 2. Digestion of the TnCcTnI complex in the presence (lanes 2^5) and absence of Ca2 (lanes 6^9), both for 0, 10, 30 and 60 min.
N and C arrows point to the N- and C-domain peptides, respectively. Lane 1: molecular mass markers. Digestion conditions as for
Fig. 1 except that the digestion solution contained 0.1 M NaCl, 2 mM MgCl2, 20 mM Tris, pH 7.5 and 0.2 mM CaCl2 (+Ca2) or
2 mM EGTA (3Ca2).
Fig. 1. Limited chymotryptic digestion of free TnI (enzyme:TnI
weight ratio = 1:500; 0.4 M NaCl, 2 mM MgCl2, 20 mM Tris,
pH 7.5, room temperature). Lane 1: Molecular mass markers;
from top to bottom: 106, 84, 47, 33, 24, 18 kDa. Lanes 2^5:
Digestion for 0, 1, 2, 5 min respectively. N and C designate the
N-terminal 11.61 kDa and the C-terminal 9.53 kDa fragments,
respectively, of TnI.
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3.3. Tn complex
To facilitate identi¢cation of the proteolytic frag-
ments Tn was ¢rst labeled at Cys133 of TnI with the
£uorescent probe 1,5-IAEDANS (see Section 2). Di-
gestion of this complex in the presence of Ca2 pro-
duced a £uorescent fragment (Fig. 3B) whose SDS-
PAGE mobility was close to that of the 18 kDa
molecular mass marker (Fig. 3A). Attempts at N-
terminal sequencing were unsuccessful indicating
that its N-terminus was blocked. Thus, it is an N-
terminal TnI fragment that contains the £uorescently
labeled Cys133, so that the digestion site must be on
the C-terminal side of residue 133. Mass spectrome-
try on a partially HPLC puri¢ed fraction identi¢ed a
component with a molecular mass of 16.49 kDa
which agrees with the calculated mass of the acety-
lated 1^140 TnI sequence augmented by the 307 Da
mass of the AEDANS label. Thus the digestion site
must be between Leu140 and Lys141. The conditions
of digestion of the ternary complex were identical
with those of the binary complex; thus the appear-
ance of a di¡erent cleavage site must be attributed to
changes in subunit interactions owing to the presence
Fig. 3. Digestion of the ternary Tn complex with £uorescently labeled TnI (chymotrypsin:Tn weight ratio = 1:500, room temperature)
in the presence (lanes 2^5) and absence of Ca2 (lanes 6^9), for 0, 10, 30 and 60 min. Tn was labeled at Cys133 of TnI with 1,5-IAE-
DANS. TnT1 and TnT2 are chymotryptic fragments of TnT; N2 is the 16.49 kDa N-terminal fragment of TnI (see text). (A) Coomas-
sie blue stained SDS-PAGE. Lane 1: molecular markers as in Fig. 1. (B) £uorescence of the same gel. Digestion bu¡er as in Fig. 2.
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of TnT. The formation of small amounts of a £uo-
rescent fragment with mobility intermediate between
those of TnI and the 16.49 kDa fragment suggests
that in the complex containing TnT yet another site
in the C-terminal region of TnI becomes accessible to
chymotrypsin. Because of the low yield of this prod-
uct its characterization was not further pursued.
The same 16.49 kDa fragment was obtained when
digestion was carried out in the absence of Ca2. On
the basis of the disappearance of TnI, the rate of
digestion was only slightly higher in the absence of
Ca2 than in its presence. The 1^140 fragment is
more susceptible to further digestion in the absence
of Ca2 as shown by a decrease in its £uorescence
intensity (Fig. 3B) and appearance of higher mobility
bands (Fig. 3A). The formation of the slower migrat-
ing £uorescent fragment referred to above was not
apparent.
TnT was also rapidly digested, with or without
Ca2, into two fragments with apparent molecular
masses of V22 and V10 kDa based on their SDS-
PAGE mobilities (Fig. 3A), corresponding to previ-
ously described TnT fragments, TnT1 (residues 1^
159) and TnT2 (residues 160^260), respectively
[40,41]. Note that the numbering is corrected accord-
ing to Briggs and Schachat [42] to account for Pro43
missing in the original sequence of rabbit skeletal
TnT [43].
Having identi¢ed the digestion products obtained
from the AEDANS labeled troponin we were able to
interpret the mass spectra of unfractionated peptide
mixtures obtained from unlabeled troponin and to
evaluate the possible e¡ects of the label on the struc-
ture and digestibility of TnI. The mass spectrum of
the chymotryptic digest of Tn obtained in the pres-
ence of Ca2 shows the 16.19 kDa peak correspond-
ing to the unlabeled TnI(1^140) as well as the com-
plementary 4.96 kDa C-terminal fragment TnI(141^
181) (Fig. 4). The 11.89 kDa and 10.15 kDa frag-
ments correspond to TnT fragments TnT2K and
TnT2L comprising residues 160^260 and 160^243, re-
spectively [40,41]. In the sample obtained in the ab-
sence of Ca2 the TnI(1^140) fragment is still detect-
able albeit its intensity is very low. On the other
hand the shorter TnI fragments corresponding
to the N-terminal 14.21 kDa TnI(1^122) and
13.62 kDa TnI(1^116) are present, as is the C-termi-
nal 4.96 kDa TnI(141^181) fragment. These data
support the view that in the troponin complex the
Leu140-Lys141 bond of TnI is that most susceptible
to chymotryptic proteolysis in the presence and ab-
sence of Ca2. In the absence of Ca2 a further di-
gestion occurs at Leu122 and Met116. The £uores-
cent probe at Cys133 appears to have no e¡ect on
the chymotryptic digestion of TnI in the complex.
Fig. 4. Analysis of the chymotryptic digests of rabbit skeletal
troponin by MALDI-TOF mass spectrometry. Troponin (1.6
mg/ml) was digested with chymotrypsin (1:500 w/w enzyme:
protein ratio) at 22‡C for 60 min in a solution containing 0.1
M NaCl, 20 mM Tris pH 7.5, 2 mM MgCl2 and 0.1 mM
CaCl2 (upper trace) or 0.5 mM EGTA (lower trace). Only that
part of the spectrum is shown in which the TnI fragments ap-
pear. The spectra were calibrated with horse apomyoglobin, us-
ing values 16 952.6 Da and 8476.8 Da for the +1 and +2 peak,
respectively. The peaks identi¢ed in the spectra of Tn digests
are: TnI(141^181), 4964 Da (expected 4957 Da); TnT(160^243),
10 153 Da (expected 10 151 Da); TnT(160^260), 11 895 Da (ex-
pected 11 894 Da); TnI(1^116), 13 620 Da (expected 13 618
Da); TnI(1^122), 14 211 Da (expected 14 207 Da) and TnI(1^
140), 16 185 (expected 16 187 Da). Note that in a mass spec-
trum obtained by the MALDI-TOF method there is no relation
between the intensities of the peaks and the absolute or relative
concentrations of the respective polypeptides.
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Clearly TnT induces a conformational change in TnI
which results in protection of Phe100-Asp101 bond
and exposure of Leu140-Lys141 bond. Moreover the
entire segment spanning residues 116^140 is signi¢-
cantly more exposed in the absence of Ca2 than in
its presence.
3.4. Reconstituted thin ¢lament
Digestion of TnI in the reconstituted TncTmcF-ac-
tin thin ¢laments produced the same 16.49 kDa £u-
orescent fragment as found in the case of the Tn
complex. However, the rate of digestion was clearly
slower in the absence than in the presence of Ca2,
as judged from the disappearance of the £uorescent
band of TnI (Fig. 5A,B). The larger (21 kDa) £uo-
rescent fragment was also produced in trace quanti-
ties in the presence of Ca2, but not in its absence.
The 16.49 kDa TnI fragment (1^140) was susceptible
to further digestion only in the absence of Ca2, as
was the case for the Tn complex alone. Also TnT
was rapidly digested both in the presence and ab-
sence of Ca2. Neither actin nor Tm was digested
under these conditions.
Fig. 5. Digestion of the reconstituted TncTmcF-actin thin ¢lament containing £uorescently labeled TnI. Bu¡er conditions as for Fig. 3
except that the concentration of NaCl is 75 mM and ATP (0.1 mM) is present. (A) Coomassie blue stained gel. Lane 1, molecular
mass markers. (B) Fluorescent gel. Tn was labeled at Cys133 of TnI with 1,5-IAEDANS. TnT1 and TnT2 are chymotryptic fragments
of TnT; N2 is the 16.49 kDa N-terminal fragment of TnI.
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4. Discussion
There are 37 potential chymotryptic cleavage sites
in TnI; however, only one of them, Phe100-Asp101
in the inhibitory segment, is rapidly digested leading
to the formation of two well de¢ned TnI fragments.
This suggests the existence of an exposed segment
connecting two relatively more stable segments (cf.
studies relating £exibility and susceptibility to pro-
teolysis in thermolysin [44]). This feature appears to
be present not only in free TnI but also in the
TnCcTnI complex.
In view of the well documented interaction with
TnC of TnI’s inhibitory segment (residues 96^116)
(for review see Grabarek et al. [45]) and the identi-
¢cation by NMR of Phe100 as one of the residues
speci¢cally a¡ected by TnC [46], it is somewhat sur-
prising that TnC has little e¡ect on the chymotryptic
digestion of TnI at Phe100. More consistent with this
result is the recent work showing that residues 117^
148, which are adjacent to the inhibitory segment,
contribute signi¢cantly to the strength and speci¢city
of TnI-TnC interaction [19^21]. Also in a recent
study in our laboratory a benzophenone probe lo-
cated in the N-terminal domain of a mutant TnC
(residues 48 and 82) was found to crosslink speci¢-
cally to Met121 of TnI [22]. Thus the earlier delin-
eation of the regulatory TnC-binding site in TnI
which was based mostly on peptide studies may
have to be reevaluated. In particular, Phe100 appears
to belong to the TnT- rather than TnC-binding inter-
face in troponin (see below).
An important ¢nding is that in the ternary Tn
complex the most susceptible digestion site in TnI
changes from Phe100-Asp101 to Leu140-Lys141,
suggesting that the conformation of TnI is altered
by the presence of TnT. Although TnT was also
digested into TnT1 and TnT2, it has been shown
that TnC, TnI and TnT2 remain bound to each other
[30,47] so that the digestion does not perturb the
interactions between the subunits. Furthermore, it
has been reported that the TnCcTnIcTnT2 complex
retains the ability of the intact Tn complex to regu-
late the interaction between myosin crossbridges and
TmcF-actin in a Ca2-dependent manner [47]. Thus
the conformation of TnI in the TnCcTnIcTnT2 com-
plex is likely to be similar, if not identical, to the
corresponding part of intact Tn.
The inhibition of digestion at Phe100-Asp101 may
be due to direct interaction of some portion of TnT
(presumably TnT2) with the inhibitory segment of
TnI and either physically shielding it from digestion
or decreasing its £exibility, or both. There are vari-
ous pieces of evidence that corroborate this interpre-
tation. For example, Jha et al. [48] reported that the
fragment comprising residues 1^102 of TnI interacts
with TnT. Conversely, TnI fragments lacking this
stretch were found incapable of incorporating into
the ternary complex with TnT and TnC [26]. The
suggestion that a hydrophobic heptad repeat in the
53^106 segment of TnI may form a coiled-coil with a
region in TnT (residues 155^205) [49] has received
recent support from mutagenesis and yeast two-hy-
brid analysis [50]. Earlier measurements of Lys reac-
tivity with acetic anhydride showed that ¢ve Lys res-
idues in TnI become relatively less reactive (40, 65,
70, 78 and 90) whereas three residues become more
reactive (84, 87 and 98) in the troponin complex as
compared with free TnI [51]. All these changes, ex-
cept that of Lys70, were induced by TnT alone.
One may infer from the above that the Phe100
region of TnI may indeed be directly a¡ected by
TnT; however, Sheng et al. [52] reported that a re-
combinant TnI deletion mutant lacking residues 1^57
did not bind TnT. A direct conclusion from this is
that residues 58^181 provide little contribution to the
interaction with TnT. Our present results open an-
other possibility: if indeed the N-terminal 100 resi-
dues of TnI form a well de¢ned domain, then a de-
letion of 57 N-terminal residues may cause a loss of
structure and consequently the interactive properties
in the remaining segment of this domain (residues
58^100). We cannot, however, rule out the possibility
that TnT interacts with TnI at a site remote from the
inhibitory region, and induces a change in the sus-
ceptibility of the Phe100-Asp101 bond via a long
range e¡ect. At any rate, the conformation of TnI
in the ternary Tn complex is di¡erent from that in
the binary TnCcTnI complex.
It has been shown that without TnT the TnCcTnI
complex dissociates from Tmcactin in the presence of
Ca2 [15] and cannot inhibit the ATPase activity of
myosincTmcF-actin in the absence of Ca2 [53]. This
has been commonly interpreted to mean that the
function of TnT is to keep the TnCcTnI complex
properly anchored on the thin ¢lament. Our results
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suggest that TnT plays more than such a passive
role, as suggested earlier by Potter et al. [54]
although in a di¡erent context. Our ¢nding that
TnT a¡ects the conformation of the inhibitory region
of TnI, a region believed to interact with both TnC
and actin, makes it likely that TnT participates in the
regulatory interactions between TnC, TnI and actin.
Our results also show that in the TncTmcF-actin
reconstituted thin ¢lament the rate of digestion of
TnI between residues 140^141 is Ca2-dependent,
lower in the absence of Ca2 than in its presence.
In principle, this may be caused by the presence of
Tm alone; this, however, is not likely because no
interaction between Tm and TnI, whether Ca2-de-
pendent or not, has been reported. In contrast, inter-
actions between TnI and actin are well documented
[55]. In particular, our earlier work has shown that
TnI could be crosslinked to actin in the absence of
Ca2, via a photocrosslinker attached to Cys133 [24].
This is consistent with our present ¢ndings that the
region adjacent to residues 140^141 of TnI undergoes
Ca2-dependent structural changes. In the presence
of Ca2 this region is attached presumably to some
region of TnC, yet the Leu140-Lys141 bond is ex-
posed. Upon the removal of Ca2 this region be-
comes more exposed in Tn, thus capable of interact-
ing with actin which, in turn, serves to either make it
more rigid or physically shield it from digestion. This
interpretation is consistent with recent identi¢cation
of the 140^148 sequence as being involved in actin
binding [19].
While this work was in progress Takeda et al. [30]
reported on their analysis of chymotryptic digestion
of intact rabbit skeletal troponin. They found that
TnI was digested at Leu140 in the presence of Ca2
and at Met116 in its absence. Our results di¡er from
theirs in that we found the Leu140-Lys141 bond in
TnI to be most susceptible to proteolysis both in the
presence and absence of Ca2. Our results indicate
that digestion at Leu122 and Met116 in the absence
of Ca2 (only the latter was identi¢ed by Takeda et
al.) occurs subsequently to the ¢rst cleavage at
Leu140. We also found no evidence of the secondary
digestion site at Met134 in the presence of Ca2,
which was reported by Takeda et al. It appears
that discrepancies between our work and that of
Takeda et al. result from di¡erences in the extent
of digestion.
The results reported here are complemented by
those of our previous work, using resonance energy
transfer, to probe the global conformation of TnI
under various conditions [25]. We measured the dis-
tance between probes attached to Cys48 and Cys133
in the N- and C-terminal segments, respectively, of
TnI, which was taken to re£ect the disposition of the
two segments relative to each other. This distance is
40 Aî for free TnI, and is not altered by the presence
of TnC in the TnCcTnI complex; it is increased by
10 Aî by the presence of TnT in the ternary Tn com-
plex. While it is Ca2-independent in the Tn com-
plex, in the reconstituted thin ¢laments it increases
from 50 to 65 Aî in the presence vs. the absence of
Ca2. Taking these two studies together we conclude
that TnT alters both the local and the global con-
formation of TnI independently of Ca2 in the
TnCcTnIcTnT complex. However, in the TncTmcF-
actin complex this process is Ca2-dependent by vir-
tue of the interaction of the C-terminal segment of
TnI with actin in the absence of Ca2.
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